Introduction
Oscillations and waves of [Ca'+] , have come to light after the recent development both of calcium-sensitive dyes, such as fura-2 111, and of computerized imaging microscopy, an approach that allows changes in intracellular calcium concentration to be followed in real time inside single living cells.
Although the function of [Ca'+J, [7] and in [Ca"], waves in nerve-growth-factordifferentiated PC12 cells. In the first cell system, the frequency of oscillation is extremely sensitive to moderate [Caz+] , variations, thus providing a digital signal encoding the plasma membrane receptor activation.
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Materials and methods

Cell cultures
Rat chromaffin cells were prepared according to Hrandt et al. [8] . In outline, adrenal medulla from rat adrenal glands were dissected free of the cortex, thoroughly rinsed in Krebs-Ringer solution buffered with Hepes and then cut in to small pieces.
The adrenal tissue was incubated in 0.5 unitdm1 collagenase A and 10 pg/ml DNAase at 37°C for up to 2 h, during which tissue fragments were dissociated mechanically into single cells by repeated passages through the opening of Pasteur pipettes.
After centrifugation at 500 g for 4 min, the chromaffin cells were finally suspended in Dulbecco'smodified Eagle's medium supplemented with 10%
(v/v) fetal calf serum, plated on to thin glass coverslips coated with poly(ornithine) and cultured for 1-4 days under a humidified atmosphere containing 5% CO,.
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Fura-2 videomicroscopy
The digital fluorescence-imaging microscopy system is built around a Zeiss inverted 'IM 35' light microscope, as described previously [9] . In outline, two independent light pathways, controlled by two photographic shutters, provide the excitation light at 340 nm and 380 nm. Fluorescence images were collected by a low-light level charge coupled device camera and fed into a digital image processor where video frames were digitized and integrated in real time. The digital data were transferred in two 300
Mb hard disks with a maximal rate of acquisition of 4 images1s (2 ratiosls) for images of 128 x 128 pixels and 16 bit depth. 
Results and discussion
Chromaffin [7, 15, 171. The Ca? + pool involved in the oscillatory activity appears to be the same as that released by InsP, since ( 1) administration of sarcoendoplasmic reticulum Ca"-ATPase inhibitor, thapsigargin (which eventually leads to the depletion of the store), causes the immediate block both of spontaneous and of agonist-induced [Ca2+], oscillations ( Figure   1 , trace A), while (2) ryanodine (which locks the Ca'+ channel open in the InsP,-insensitive store) did not prevent the oscillatory activity and, in contrast, sometimes induced oscillations [7] .
Experiments in which the extracellular CaL+ is suddenly chelated by EGTA, or voltage-operated Ca2+ channels are blocked by nitrendipine, lead to the rapid inhibition of the oscillations. Therefore, despite the central role of an intracellular pool, a constant refilling from the extracellular environment is required. The analysis of subcellular patterns of [Ca2+], variations revealed pulsatile hot spots; in 'silent' cells they remained discrete whereas in oscillating cells they usually expanded into full-blown oscillations [7] . Recently, support has accumulated for a model in which oscillations are sustained by a mechanism of calcium-induced calcium modulation of the cognate receptor [6, 181. Indeed, the biphasic, rhythmic CaL+ discharge from a discrete pool of stores and sustain its spreading throughout the cell. As for the latter aspect of the cell signalling, we have evidence that, in nerve-growth-factor-differentiated PCI2 cells, maximal stimulation in Caz+ -free medium of receptors linked to InsP, generation gives rise to propagation of the signal in the form of intracellular CaL + waves. Depending on the agonist, waves were found to spread from the soma to the neurite terminals or in the opposite direction. Such a propagation was non-decremental and independent of extracellular [CaL+] , and was present also in PC 12 clones that were unresponsive to caffeine and ryanodine. These results suggest that intracellular Ca" stores, probably InsP,-sensitive, are responsible also for wave propagation. It appears, therefore that CaL+ waves and oscillations are closely related phenomena, both sustained by the positive modulation of the InsP3 receptor. Such a modulation can thus provide a spatio-temporal encoding of extracellular signals.
The mechanism of neurosecretion from chromaffin cells has been studied fairly extensively [20] . In addition to the activation by a single large calcium influx across the membrane, as is induced by depolarization or by maximal receptor activation, growing evidence indicates that secretion can be sustained also by rhythmic oscillations of intracellular CaL+ levels [3] . Interestingly, in bovine chromaffin cells, spontaneous oscillations are absent and basal neurotransmitter release is low, while the majority of resting rat chromaffin cells show rhythmic changes of [CaZ+] , and measurable secretory activity 121. Whether increasing the frequency of oscillations enhances secretion remains to be investigated. In conclusion, the different temporal and spatial organization of [Ca'+] , transients within the cell cytosol represents one of the most relevant recent findings in the field of signalling that might provide a cue for the comprehension of the control of cellular functions such as secretion or motility.
